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Abstract: Mobility management plays an important role in
wireless communication networks in effectively providing
services to mobile users. Wireless systems have an ability of
having the same contact number even when the user moves from
one location to another. The wireless telephones are more
convenient, flexible and versatile; there have been a growing
number of wireless phone subscribers aswell as service providers
and the number is dill increasing. A combination of wireless
communication and computer technologies has revolutionized the
world of telecommunication. Mobility management facilitates
telecommunication networks to find roaming ter minals intended
for call ddivery and to sustain associations as the terminal is
moving into a unique service neighborhood. This paper provides
study of mobility management components such as location
management and handoff management and it also introduces the
schemes in which the mobility management tasks and its models.
The processing stages of the two operations are introduced
respectively. The paper also describes the mobility management
issues at the network layer.

Keywords. M obile node, Micro mobility, Macro mobility, Intra-
system, I nter-system, Base Station.

1. INTRODUCTION

The notion of anytime and anywhere communicationhis
target at which future generation wireless commaton
systems aim. Mobility management is a techniquevirich
uninterrupted signal connectivity is maintained,ewhmobile
device changes location from one cell to anothdrareone
network to another network. It is the essentiahtedtogy that
supports roaming users with mobile terminals tcognheir
services in progress through wireless networks.

Over the past few years, the complexity of the ssce

technologies as well as the number of mobile device,

increased exponentially. Compared to the traditi@edular
interfaces, nowadays the mobile devices are eqdippith
additional features such as Bluetooth, GPRS, etith \tfie
increasing demands for new data and real-time esyi
wireless networks should support calls with différéraffic
characteristics and guaranteed Quality of Sen@&S). With
the converging of mobile and wireless communicatigth
Internet services, the boundary between mobile opais
telecommunications and wireless computer
disappearing. Wireless networks of the next germrateed
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the support of all the advances on new architesture
standards, and protocols. Although different neksoexist
currently to satisfy the needs of their users, tlaey as
complementary to each other in terms of their céitieb and
suitability for different applications. Thus, intagion of these
networks will enable the mobile users to be alwaysnected
to the best available access network depending hair t
requirements. This integration of heterogeneousors will,
however, lead to heterogeneities in access techigslcand
network protocols. To meet the requirements of heobsers
under this heterogeneous environment, a common
infrastructure to inter connect multiple accesswoeks is
necessary hence the data is accessed from anywheney
time. Regardless of the services and networksobtiee most
important and challenging problems for the seandessss of
wireless networks and mobile services is mobility
management, used to automatically support mobilminals
enjoying their services while simultaneously roagnifineely
withoutthe disruption of communications.

2. MOBILITY MANAGEMENT REQUIREMENTS AND
SOLUTIONS

There are many other requirements on performanag an
scalability that should be carefully taken into @aoat when
trying to design or select a mobility managemertiesce,
including:

Fast handoff: the handoff operations should be lquic
enough in order to ensure that the mobile node can
receive IP packets at its new location within esoeeble
time interval and so reduce the packet delay ashnagc
possible.
Seamless handoff: the handoff algorithm should mizé
the packet loss rate into zero or near zero whadether
with fast handoff, is sometimes referred to as gmoo
handoff.

Signaling traffic overhead: the control data lpad). the
number of signaling packets or the number of aeets
the related databases, should be lowered to wismn
acceptable range.
Routing efficiency: the routing paths between the
communication nodes to the mobile nodes should be
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optimized to exclude redundant transfer or bypagh ps 3.1 Location M anagement
e.g. triangle routing. Location management enables the system to track the
» Quality of Service (QoS): the mobility managementlocations of Mobile Terminals (MT) between conségit
scheme should support the establishment of new Qo&mmunications and is concerned with how to loeateobile
reservation in order to deliver a variety of traffiwhile  node, track its movement, and update the locatiformation.
minimizing the disruptive effect during the Itincludes two major tasks.
establishment. » Location registration or location update
e Fast security: the mobility scheme should support ¢ Call delivery
different levels of security requirements such aad

encryption and user authentication, while limititige Location
traffic and time of security process e.g. key excjea Rf%;g::;?n
e Special support required: it is better for a nevbitity — -
ocanon

mechanism to require minimal special changes on the M
: . . Management

components, e.g. mobile node, router, communication

media, networks, other communication nodes, etc.

Database Queries

Terminal Paging

=s

Call Delivery

There are many distinct but complementary techmique
especially for mobilty management to achieve its
performance and scalability requirements listed vabo
including:

Buffering and forwarding, to cache packets by the o
attachment point during the MN in handoff procedumad
then forward to the new attachment point afterghecessing

of MN’s handoff.

Fig. 1: Location management operations.
In location update the mobile device periodicatijorms the
system to update relevant location databases tsitlpi to date
location information. In call delivery, the systatetermines
the current location of the mobile terminal based the
information available at the system databases wilaen
communication for the mobile terminal is initiat&ddvo major
steps are involved in call delivery i.e., determmthe serving
database of the called mobile terminal and locatwegvisiting
cell/subnet of the called mobile terminal. Thisiso called as
paging, where polling messages are sent to akkelisubnets
within the residing registration area of the callewbile
terminal. [6]
For Intra-system roaming, the design of ocation
management techniques has the following challenges:
« Reduction of signaling overheads and latency ofiser
delivery
e Quality of service (QoS) guarantees in differerstems
e When the service area of heterogeneous wireless
networks are fully overlapped:
-Through which networks a MT should perform
location registrations.
- In which networks and how the up-to-date user
location information should be stored.
-How the exact location of MT would be determined

2. MOBILITY MANANGEMENT COMPONENTS within a specific time constraint.

Movement detection and prediction, to detect aretliot the
movement of mobile host between different accesstpso
that the future visited network is able to preperexdvance
and packets can be delivered there during handoff.

Handoff control, to adopt different mechanisms fibhre
handoff control, e.g. layer two or layer three geged handoff,
hard or soft handoff, mobile-controlled or netwadatrolled
handoff.

Paging area, to support continuously reachable udth
overhead on location update registration througbtation
registration limited to the paging area.

Domain-based mobility management, to divide the ilitpb
into micro mobility and macro mobility according wehether
the mobile host’'s movement is intra-domain or idemain.

The mobility management provides packet deliveryhauit
delay to their destinations and the routing protiethe basic
requirement of this scheme. There are two main cispie
mobility management i .e. location management (@sking,
location tracking and update, locating and paggtg,) and
handoff management gndoff initiation, connection routing, : \ _ : . L
smoothing, etc.). Handoff management focuses ooutierg mobile node’s access point during active data tréssion.

concept while location management routing protoosk The handoff process can_be Intra or inter SYStem‘ .
location of node for enhancing the performance afting Intra-system handoff (horizontal handoff) is the h.andloff in
protocol.[8] homogeneous networks. Intra-system (intra domaaining

refers to moving between different cell of the saystem.
344

3.2 Handoff M anagement

Handoff management is a process by which MT keéps i
connection active when it moves from one accesstpoi
another and is concerned with control of the chanfjea
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Inter-system  handoff  (vertical  handoff)  between
heterogeneous networks. Inter-system roaming refers
moving between different backbones, protocols, rieldyies,
or service providers.

The design of Handoff management techniques inlegse
systems has the following challenges:

Reduction of both signaling and power overheads.

QoS guarantees during the handoff process:

- Extreme low intra and inter system handoff laggernwhich
includes signaling message processing time, ressuand
routers setup delay, format transformation time, smon

- Limited disruption to user traffic

- Near — zero handoff failure and packet loss rate

Efficient use of network resources

Enhanced scalability, reliability, and robustnegs.

Handoff
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Fig. 2:
Handoff management operations

4. HANDOFF CLASSIFICATIONS

Handoff of a mobile node from one subnet/networkriother,
supported in different access technologies candssified as
shown in Fig.3 Handoff classification depends oang
factors like, network types involved, frequenciesgaged,
number of connections involved, administrative domsa
involved, necessity of handoff and user contrahaéd in the
handover process.
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Fig. 3: Handoff Classification

4.1 Network Types|nvolved

Depending on whether a handoff takes place betwesingle
type of network interface or a variety of differemétwork
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interfaces type handoffs can be classified as reltbezontal
or vertical.

Horizontal handoff (HHO): It is the handoff process of a
mobile terminal between access points supportireg shme
network technology. For example, the changeovesighal
transmission (as the mobile terminal moves arodirath an
IEEE 802.11b base station to a geographically reghg
IEEE 802.11b base station is considered as a hudko
handoff process.

Vertical handoff (VHO): It is the handoff process of a mobile
terminal among access points supporting differestiwark
technologies. For example, the changeover of signal
transmission from an IEEE 802.11b base statiomtovarlaid
cellular network is considered a vertical handotfqess.

4.2 Frequencies Engaged

In cellular technology, handoff is the processwitshing of
signal from one frequency to another.

Intra-frequency handoff: It is the handoff process of a
mobile terminal across access points operatinghensame
frequency. This type of handoff is present in cddésion
multiple access (CDMA) networks with frequency dion
duplex (FDD).

Inter-frequency handoff: It is the handoff process of a
mobile terminal across access points operating iffareint
frequencies. This type of handoff is present in GBM
networks with time-division duplex (TDD) and is tlumly
handoff type supported in GSM cellular systems.

4.3 Number of Connections | nvolved

Evolution in the mobile devices to support multipieerfaces,
leads to handoff such as hard, soft, or softer nidipg on the
number of connections maintained during the handoff

Hard handoff (Break Before Make): In a hard handoff the
existing connection with the current base stati®meleased
when the new connection is established with the bagse
station. In other words, using hard handoff, a neohbde is
allowed to maintain a connection with only one bstsgion at
any given time.

Soft handoff (Make Before Break): In a soft handoff a
mobile node maintains a radio connection with r&s lthan
two base stations in an overlapping handoff regiod does
not release any of the signals until it drops bebogpecified
threshold value. Soft handoffs are possible inasituns where
the mobile node is moving between cells operatingtie
same frequency.

Softer handoff: A softer handoff is very similar to a soft
handoff, except the mobile terminal switches cotinas over
radio links that belong to the same access point.
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4.4 Administrative Domains Involved

An administrative domain is a group of systems aetivorks
operated by a single organization of administratiuhority.
Administrative domains play a significant role iG 4vireless
networks as different networks which controlled different
administrative authorities, become available. Cquosatly,
the classification of handoffs in terms of admirdtive
domains is a crucial issue.

Intra-administrative handoff: a handoff process where the
mobile terminal transfers between different network
(supporting the same or different types of netwiotkrfaces)
managed by the same administrative domain.
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Fig. 4: Heterogeneous Network

5. MOBILITY MANAGEMENT MODELS

Inter-administrative handoff: a handoff process where the 5.1 General mobility management model

mobile terminal transfers between different
(supporting the same or different types of netwiotkrfaces)
managed by different administrative domains.

netsork A general mobility model is presented in FigureT§pically,
we assume that the public network is the Interndtl® is the
network layer protocol. The components in the moaled

introduced as follows [1]:

45 Necessity of Handoff

Handoffs are initiated due to necessity of QoS irequents, ’
cost, bandwidth and delay. Depending on the ndgessi
handoffs can be classified such as obligatory aantary.
Obligatory handoff: In some situations it is necessary for the
mobile terminal to transfer the connection to amothccess
point in order to avoid disconnection.

Voluntary handoff: In other situations transfer of connection _
is optional and may or may not improve the qualitgervice

4.6 User Control Allowance

Depending on the users control in handoff, it carclassified
as proactive or passive.

Proactive handoff: In a proactive handoff the mobile
terminal’'s user is allowed to decide when to hahd®he
handoff decision can be based on a set of prefesesecified
by the user. Proactive handoff is expected to be ainthe
radical features of 4G wireless systems.

Passive handoff: The user has no control over the handoff
process. This type of handoff is the most commofirst-,
second-, and third-generation wireless systems.dbfénn
heterogeneous network is called Vertical handoffabise of
roaming of mobile devices between different accesse
technologies as shown in Fig. In case of multiple interface
device, heterogeneous network support soft handoff.
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Two mobile network entities. MN is a node that can
change its point of attachment to the network frome
link to another by freely roaming with its user, ilgtstill
being reachable. Corresponding Node (CN) is either
mobile or a stationary node that can communicath wi
the concerned mobile node by sending or receiving
packets to or from the mobile node.

Two networks. Home network is the unique network at
which the mobile node is continually reachable le t
other corresponding nodes, by an originally assigne
address — Home Address. Foreign network is thearkt

to which the mobile node is currently attachedeaast of

its original home network, and is reachable by & ne
generated address — Care-of Address (CoA).

Two addresses. Home Address is the static unchhlgea
IP address assigned to the MN that is used toifgethie
end-to-end connection, also as the IP address Wieis

in its home network. Care-of-Address (CoA) is the |
address to identify the MN’s current point of attarent

to the Internet when it is in a foreign network.

Two mobility agents. Home Agent (HA) is a routertbe
home network that makes the mobile node reachable
when the mobile node is attached to a foreign nétwo
Foreign Agent (FA) is a router on the foreign natvihat
assists the mobile node to access the Internetdmiving
data grams delivered to the Care-of Address. Thecba
assumption within IP is that an IP address always
identifies the node’s location in the Internet. iSa node
moves to another location in the Internet, a new IP
address must be generated and assigned to theimode
order to route following IP packets to its new eltiament
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point. So the basic function of mobility managemant
the Internet is just to translate a node’s origifahddress QoS etc. Designing mobility management with all-hile,

(Home Address into the new temporary IP addreasg(C considering issues such as context of networksjited, user
of Address) as promptly and efficiently as possible and services is the main concern of industry asdaechers in

the current erd5]
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5.2 Hierarchical mobility management model
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Fig. 6. Hierarchical mobility management

The basic idea behind the domain-based mobilityagament
scheme introduced in the mobility management exgsat

should be based on a hierarchical mobility manageme yyjreless networks are among the fastest growingsaia
scheme that localizes the management of mobility byetworking research. Wireless communication extetids
introducing the concept of domain, in order to auhithe  capapilities of fixed network to include locatiomdependent
requirements on performance and flexibility espléciéor  information storage, transport, retrieval and pssieg, and to
frequently moving hosts. With this in mind, two @8 0f  sypport mobility of terminals and users. Future elgss
mobility can be defined as follows, according toe th npetworks allow people on the move to communicatén wi
movement span: anyone, anywhere, and at any time using a range of
multimedia services and heterogeneous platformsyanks,
* Micro mobility, i.e. mobile node’'s movements inside gnd devices. Wireless networks play a major rolethe
domain, to which intra-domain mobility managementapplication of active networking technology. Thenasnic
solutions are suitable, focusing mainly on a faffcient, behavior of mobile nodes and the inherently compaexi
seamless mobility support within a restricted cager time-varying characteristics of wireless channei®vigle
signification additional motivation for intelligeadn network
+ Macro mobility, i.e. mobile node’s movements betwee nodes over wireless networks. There are many teahisisues
different domains, to which inter-domain mobility that must be overcome in wireless networks foraaded
management schemes can be employed, acting abal gloservices. These issues transcend all levels of owerall
mobility solution with the advantages of flexibjlit system design, including hardware, communicationk, |i
robustness, and scalability. network, and application design [9]. Wireless netsoof the
next generation need the support of all the adwocenew
A domain is defined as a collection of networksrsitaa  architectures, standards, and protocols. Mobilignagement
common network administration, which may includeon is an important issue in the area of mobility comioation,
or more foreign (visited) networks. The followingdre  which can be best solved at the network layer. The
shows the hierarchical mobility management modek | performance of any wireless network is highly ieficed by
worthy to note that the concepts micro and macrahe mobility patterns of nodes in the networks. fact,
mobility based on the definition of domain are plolgs  mobility behavior is the most important environnarfactor
recursive: a movement may be micro in one domainhat determines performance and influences netwiesign,
whereas macro in another [1]. Thus it is important to develop models that deteamthe
mobility of node. There is a need to define a nitbil
The mobility management of homogeneous networkemg® architecture framework for the wireless networkm®oof the
on network related parameter i.e., Received Si@ta@ngth challenges in designing the different wireless oeks while
(RSS). However the mobility management of heteregas  considering the mobility factor as follows:
networks, not only depends on network related patars, but
also on terminal-velocity, battery power, locatioformation, . Maintaining data synchronization to the user maopili

user-user profile & preferences and service-service through periods of connection and disconnectiorukho
capabilities &

6. RESEARCH ISSUES IN WIRELESS NETWORKS
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be there in the mobility control scheme of Wirel8saly
Area Networks (WBANS).

» Personalized feature mobility is an important issne
Wireless Personal Area Networks (WPANS). It is ayve
important component for the future services so tisatrs
are presented with consistent user interface chiiedi
and services in any networks. The network shouldtide

7. CONCLUSION

Mobility management has widely been recognized ras af
the most important and challenging problems foeandess
access to wireless networks and mobile services péper
discusses the general concepts of mobility manageams its
components. The processing stages of these two awanp

to move this personalized portal and the associatedperations are introduced respectively, togetheth vihe

contents services along with the user mobility.

discussions of key research issues and possihlé®w. This

« To support mobility in Wireless Local Area Networks paper includes the two major mobility managementiei® —
(WLANSs), IP header compression is an importantGeneral mobility management model and Hierarchical
mechanism. The limited bandwidth of the wirelessmobility management model. The conceptual fraoréw
medium puts considerable limits on the bandwidtedus constructed forms a clear layout to outlitiee research
for TCP/IP header. So IP header compression is ona&ea of mobility management for mobile comroations
option in compression importance should be givetheo and can direct systematic research on molsiiinagement
compression efficiency, Robustness of the scheme, a issues for the future mobile systems. The procgsstages of
the compression reliability. the two operations are introduced respectivelyetiogr with

« In Wireless Metropolitan Area Networks (WMANSs), the discussions of key research issues and possihlgons.
signaling traffic overhead is a prime concern. €thatrol
data load, for example, A number of signaling péske
a number of accesses to the related databasedd di®u
lowered to within an acceptable range.

e In Wireless Wide Area Networks (WWANSs), the handoff
operations should be quick enough to ensure that th
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